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CONTENT The present invention relates generally to probabilistic networks,
and in SwuaesdeBar to i npl ementati ons of probabilistic mdmosizesiskat
detect signal content. BACKGROUND Analog signals and digital bit stream
signals that carry content such as voice, picture, and facsimle patterns
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20  parts. Speakerphone and cell phone systems use VAD to switch signal transmission on
and off depending on the presence of voice activity or the direction of speech flow. VAD
may also be used in microphones and digital recorders for dictation and transcription, in
noise suppression systems, as well as in speech synthesizers, speech-enabled applications,
and speech recognition products. VAD may be used to save data storage space and
25  transmission bandwidth by preventing the recording and transmission of undesirable
signals or digital bit streams that do not contain voice activity.
VAD usually relies on measurements of one or more attributes of a signal
to estimate when voice activity is present in an interval of the signal. For example, the
energy level is an attribute of a signal that may be measured using the root mean square
30  voltage levels of the signal to estimate which intervals of the signal contain voice activity.
The same energy level measurements may be used in different ways to estimate the
presence of voice activity. U.S. Patent No. 6,249,757 to Cason, for example, is directed to

a VAD system that uses two signal filters to provide the difference between a noise floor
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presence of voice activity. U S. Patent No. 6,249,757 to Cason, for
exanple, is directed to a VAD systemthat uses two signal filters to
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applications I n e present |nvent|on coul d be used, for
representation of images and movies allow a wide variety of data compression schemes to

20  represent empty or repetitive parts of a picture with a compact marker. This typically
saves a large percentage of the storage space or transmission bandwidth that an
uncompressed image would have required.

Although detecting intervals of voice activity in a carrier signal using VAD
and detecting compressible parts of a signal for data compression, such as Silence

25  Compressed Record, are two examples of applications that use signal content detection,
there are many other applications in which-the present invention could be used, for
example distinguishing communication patterns in random radio waves, searching for

patterns in random data, and synchronizing communication between computing devices.

30 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphical representation of analog signals containing intervals of

content.



exanpl e di stingui shing conmuni cati on patterns in randomradi o waves,
searching for patterns in random data, and synchroni zi ng comruni cation

bet ween cwwgpstozsngs devi ces. 30 BRI EF DESCRI PTI ON OF THE DRAMTNGS2E8338 1 is a
graphi cal representation of anal og signals containing intervals of content.
2 WO 03/028008 5 PCT/US02/28358 FIG 2 is a graphical representation of a
digital bit stream copiGaR M D\gragtical teptessntaionof a dighbldittstrednh Contadningad bl ock

di agram of a corrpttlti ng device suitable for use with the present invention.
FIG 4 is a'Yrapieattepresentation of a belief network. FIG 5 is a
graphi cal represent at 101 3% a IB& Qi@ br DedMiks BéviflsBiable RRVNGth HONE

vari abl es renoved fromthe network and one variabl e added to the network.
FIG 6 is a PHSHE Ve am of one apparatus embodi ment of the present
invention. 10 FIG 7pi 43 Phaoticdllpaikamivh oPR61cPRvB&l enbodi ment of the
present invention. FIG 8 is a block diagramof a voice activity detection
appﬁr St us of the preBlénd i mgrapiti¢abreprasgiation of e eliqf sofnarlaefram bhaving i r st
met hod enbod] . i ' Y| ' Lavention. 20
PG 10 1o SUF Dhisles FASARE Fofthe dinnlyRURTMARrianst METY) @ pen b D ecent FiG
11 is a flow di agramBiG. & it hblpck diegrivo df ererpdiratonembeddiméens opthepeesint FI G 12 i s

a graphi cal 58 resentation of a machi ne readabl e medi um havi ng
10 FIG. 7 is a block diagram of one combiner embodiment of the present
invention.

FIG. 8 is a block diagram of a voice activity detection apparatus of the
present invention.
FIG. 9 is a flow diagram of a first method embodiment of the present
15 invention.
FIG. 10 is a flow diagram of a second method embodiment of the present
invention.
FIG. 11 is a flow diagram of a third method embodiment of the present
invention.
20 FIG. 12 is a graphical representation of a machine readable medium having
instructions for executing one or more methods and/or apparatuses of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
25
What is described herein is a method and apparatus for detecting intervals
of signal content using probabiliétic networks that may be configured in run-time.
In accordance with one aspect of the invention, probabilistic networks
include Bayes belief networks. Bayesian networks represent probabilistic relationships
30  between'states in a subpart of a System. States can change and are therefore called either
nodes or variables. A belief network may be pictured as an acyclic directed graph where
the variables are nodes in the graph connected by lines or arcs representing the

relationships between the variables. Associated with each variable in a belief network is a
3



I nstructions for executing one or nore nmethods and/ or apparatuses of the
present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON 25 What is
descri bedwoen3aignos s a met hod and apparatus for detecting iptTaUStaks3ss of
signal content using probabilistic networks that nmay be configured in
run-time. I n accordance with one aspect of the invention, probabilistic
net \QD[) kls It @&'o@ﬁlﬁbéﬂﬂﬁ@ﬁﬁéﬁ%m@ﬁs mﬂgwoh@mo@w@sabanymefam%{ o5 setec]gﬂ esent
probabilistic relatijonships en states ip a subpart of a system
States can @’ff&’ﬁ@‘@tyeflr‘rﬂrﬂ%i’rt@n% f?é?é?rbaﬁ@ cal ?aé‘d’eéiie‘?‘ﬁ%‘f ynodesloor vari abl gs A

bel i ef netwgrk| mRyHhAE "pi &?Mt‘%@hﬁﬁo@a‘ﬂﬂﬁﬁ};éﬁ%lbﬁtldﬁ'a'h@ﬂﬁ eftnbesolt oriere the

vari abl es are nodes in the graph connect ed | ines or arcs representing
the relati dnBKdipis Prdecsts ehpargatp’| afypeable &s Rrchasgré® aF ey bgg Nasiahlgsabl e i n

a bel i ef ”%Me&e&i&\%rébﬂ!@t&%%&%@ﬂtP th c;ﬁggﬁx%ga?tﬁﬁy’%ﬁ%es Qf X. pf&babl lity

distri butlons Using conditional probability notation, the set
pr obabi | i tye@prsssmmm@t reads g folowsir ' thﬁ:)l?rebabﬂ)ty dlS@@htI@efoﬁw@b]é@ gb‘gﬁnp% x| n),

where "p" r?ﬁ E?neh&tﬁ@de@és?@r@ﬁo&t’y distribution and "n" denotes one or

nor e |mTed| at e predecessor parents" of variable x. The parent(s) are
any ot her vari abI es Hlequnbvbditsedismbumls Breebifethe stréregth efithe telatipnshiph| uence on

the probability stat e ssion X s f.all . "the
probabi | it ylba'i“é?l? Ya[ﬂfi‘g 1%8 nﬁ?r SramiF |1§ 5 tﬁe paéent OP’Q ar}d m ?%‘?é‘;v ?%ﬁ%&%{ﬁ"&me 4>
pr edecedsor (sije) ﬂfenﬁss'bciﬁ&é withotiab sllnglb}prc!bal&lltyl chnnmbwins pep@diahy agsbeated r engt h of

the rel atlonsh bet % bl.es. For anple, if ng arent of x
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probabilistic Bayes belief networks (“networks™) may be employed as decision-making

tools. A network can provide intuitive inference for computing the probability
distributions of a set of variables in the network, given evidence of other related variables
20  inthe network. In a practical method or device having numerous parts (steps, states,
and/or modules), a network may be employed to describe probabilistic relationships
between the parts, and make decisions about one or more parts using probabilistic
inferences about the behavior, state, and/or input from the other parts.
The present invention uses a probabilistic network to detect, decide, and/or
25  estimate (“detect”) whether content is present in at least part of a signal. Content is any
data, pattern, subjectively meaningful signal attribute(s), and/or subjectively meaningful
signal characteristic(s) carried by, included in, or superimposed upon an interval, attribute,
and/or characteristic (collectively “part”) of a signal or carrier (“signal”).
Multiple methods and/or modules (“estimators™) for detecting signal
30  content may be combined into a probabilistic network. The network can be adjusted, even
during run-time, to enable and/or disable estimators. Thus, the network may be used to
improve content detection techniques, such as VAD and data compression, by enabling

only a certain number of estimators and probabilistically combining them to give a more
4



applications, such as nmethods and devices for VAD and data conpression.
Vari ations of probabilistic Bayes belief netwrks ("networks") may be
enpl oyed w® wacsgwson- naking tools. A network can provi de RQTVUS0R28358

i nference for conputing the probability distributions of a set of
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esti mat or orntegl%@ed cFet Lgf Lbﬁrrat ori Alternately, the present invention
may i nprove A RPESOEL DBy eRSH i ng  al | estimators, but selecting
only some probabilityEyaaues with @ Riddyen@Ifiphpical sndf fiictiosal charadidtiticdwe wor k
and di scarding other probability values. The netwo of the present
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the charact gristhGhelh %n’séfai% eggﬁ{élﬂ{g t@a%b@%‘?%oba&h@ thASbWBtHs Fhlegia any

nunber of new estimators to to the n New estimators 10 may
i ncl ude, f o sigealmpten “tift datacergspangingrio AbYUIrelabilin it should beowiadékat and/ or

al gorit }%B probabilities are commonly stated as values between the integers 0 and 1, with 0 equaling
a 0% probability and 1 equaling a 100% probability. If an event has a probability of p, an
inverse probability is the probability of nonoccurrence, stated as (1 - p). For example, an
event with a probability of occurrence value of 0.6 (60%) has an inverse probability value
(probability of nonoccurrence) of 0.4 (40%).

25 In combining initial probability estimates from all enabled estimators using
efficient probabilistic inference, the present invention produces a decision as to the
presence or absence of content in a signal that is often more sophisticated than the mere
averaging of initial probability estimates. The network may take into account one or more
prior probabilities that parts of the signal being processed represent content.

30 The present invention has been employed within the framework of
Automatic Speech Recognition and Silence Compression Record applications using

Matlab, a computer programming environment language, and using versions of the C



t hat perform content detection. New estimators being added to the network
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i nvention has al so been inplenented on the 56300 Mbtorola DSP chip. FIGS.
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carrier wav Intervals content 100 may be separated ggy i nterval s
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activity in p@e[cﬂgng teYoreeBit 1@Je'1186]1sm93t odnfhn £R¥tlch&lor different components. Other

devices may also use the present invention, including cell phones, speakerphones,

20  handheld personal digital assistants, and natural language processors.

FIG. 4 shows a singly connected Bayes belief network represented as a

poly-tree 400 having variables “x;” 402, “x,” 404, “x3” 406, “x,” 408, and variable “xs”
410. The network is called singly connected because variables X1, X2, X3, and X, 402, 404,
406, 408 each have a single link to common variable x5 410, but do not have multiple links

25  among themselves. A belief network represents a full joint probability distribution over n
variables in the network. Therefore, the network allows the probability of any variable in
the network to be obtained given evidence of the remaining variables. In other words, a
query of any variable in the belief network can be calculated from the full joint
probability.

30 The full joint probability distribution can be calculated by equation (1):



waves. Intervals of content 104 nay be separated by intervals |acking
content 106. FIG 2 shows a digital bit streamin which content 200 is

repr esent e @3y28d08 sequential ordering of high and | ow birca/udontgssal s

| acki ng content 202 nmay intersperse 10 intervals having content 200.

Al t hough FIGS. 1-2 show particul ar exanples of signals carrying content,
the present invention may be applied to amy signal that carries content.
FIG 3 shows a conputer systemzuj,t.alsl =fpl piwakrj)ci ng sone enbodi nents of
the present invention. The conputer system 300 contains a processor 302, a
menory 304, and a storage device 306. The processor 302 accesses data,
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| anguage pr ogGea§RAgs orﬁh@indﬁvicﬁiageﬁ%ba%nﬁy BHrbuERS 'a%frﬁﬁileﬁ%ﬁg xPehd £faopet wor k,
represented as a poly-tree 400 having variables "x|" 2, "'x2" 404, "x3"
406, "x"" 4084, BA08strice Blese vaxigbles arg direct pisdesessarsrof viriableays4éQinthagl y

connected b i.abl s X2 o y . : ch
have a singﬁg£#?§ﬂ¥?%t%%éﬁ%n%éggﬁgﬁfééﬁgﬁ%%gﬁsgﬁﬁgggﬁﬁé?mﬁéggmgﬁ%??%fe
| i nks 23 0androgy ¢dek irsietidws predechesbi wfriable cowsidered egnaeately tis natafed|pkxsj| ®i)m(Xs

probabil 1y 8okt MRV e YaRSCLFhekal hE ARG oL og (e
obt ai ned gi \pevengsihtdrolebiling of dilehe preddcedsoigvaviablesibbes | xil x, B4, kgr words, a
uery of Ay ar | abl eyl e b e oL PEcCal SH Bl Lagm the ol
cal cul at ed Bylyegseatbeiof(the sindly cohnedtsd B4y} belief network of FIG. 4) with variables
15 “x:” 502, “x3” 506, and “x,” 508 marginalized (removed or disabled) from the query and
new variable “x;” 507 added to the query. It is possible to add and remove variables from
a belief network in order to computationally consider only a subset and/or extension of the
original network without altering the structure of the original network.
Probability distributions for variables in the new query can be obtained by
20  first computing the full joint probability of the subset network 500. An overall probability
value for variable x5 510 now depends on the individual probability distributions at
variables x, and x4 504, 507 since these variables are direct predecessors of variable x5 510
in the illustrated poly-tree 500. Individual probability distributions for x5 510 given
probability contributions from each individual predecessor variable are p(xs | x2) and p(xs |
25  x4). The proba;bility distribution for variable xs 510 in the subset belief network 500 given
joint probability contributions from the enabled predecessor variables x; and x4 is p(xs | X2,
X4).
FIG. 6 shows one embodiment of the present invention in which estimators
602, 604, 606 are coupled to a combiner 610 in a probabilistic network 600. Generally,
30  there can be n estimators, each estimating a probability of signal content based on their

own measurements of one or more attributes of a signal. In this embodiment, the
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where x1, ..., X" are n variables independent of each other given their
corresponding priors 711, ..., 1tn in the belief network; i is the set of
di rect predesagswss (parents) of xi; and the 5 term p(xi HCT/wS02/p8358 t he
conditional probability for variable xi if 71i is not the enpty set,
otherwise it is the marginal probability of xi. An overall probability

val ue for vagtinaldre66% 6041506 ekepestiisatom inhiel problibility tat thp padbabhé sigyal

di stributions at1 ¥ari ables xl, x2 x% anéj X" 402 404 @%?,f 408 since
Lhese var | aBYeRty PN eanEedirirg s sy a mow piedty megss 3troR ol e

il ESL r Ftt ed oR@iniptifi€iel p<}6&bilibﬂeb:ctiﬁiaduahcllﬁﬁ@gbishzgﬁgcf&ﬁoﬁfng)@ﬁat@ﬂib@tegbﬁ/aen
probability_ contrihutions rom each i ndividua rredecessor vari abl e
consi der ed ?éﬂé’ta‘&togﬂv signal. r‘i@%ﬁ?g@&mﬁ)@%gm@dﬁ%b@mﬁ&lha %‘?e IR, ) and
P(X5 1 X5) . niifiBerd@baintatdts Eild BRAREY, litGuditbonR eSthadibd. ITh Yneddmboamieallige x5 410
given joint probability of all the predecessor variables is p(x5 | x1, x2,
x3, X'). FI emang{dgirgetlysamyinss sachinitial §{P§§lé’c“y6’é Ue dion el gitigiargys gto an

(i I'Tustrat ed,gs &ob@&ii%vaﬁl&_em%ﬁ%%bé?&imtah@, i ddeHbines OTURES EfndBRYigsiabel i ef
network of FIG 4) wth variables 15 "xI™ 502, "x3" 506, and "x"" 508

mar gi nal i zedroppllitywatiesenly pEutshetuinitipl pababHisy waley iy weithted by a\PEPT abl e " x4" 507
added to th BV i Wl A L f a

bel i ef net rroggllg%%of?%}érr' fgﬁogg)ﬁ%ﬁa%lgﬁ%ﬁgﬂﬁ? conlirl derﬁ%ﬁc{l}h@n{gﬁ%ygt%;mnd/ or
ext ensi dA obng drenore estinaters, on etayoerieswittaipoiot overaleprpbrilithealeq frerather e of t he
ori gi nal netchr%.%.rﬁbobabi lity distributions for variables in the new query
can be obta’fied %y 20 first conputing the full joint probability of the
subset network 500. Afin owealbprbbabilopaidid otitainedtal thendteorkp imalbe caBpBdd now
depends on the individual, probabi ity distribution t .. vari and x4
504, 507 si Hvétg atpﬁeégséa@‘g%da‘ﬁ RIS 8“"&’:{1?]’58t%hrﬁsrh%jievc";‘g*s?z%?%c‘dc‘?f \?g‘r%‘ub%élgi’%‘%éfs 510
in the ill ustersadnatbeed prodes@e répbéent’ oshitant. dARdrngelpembiviat] prabasitityi ialiei ons f or
x5 510 given probability contributions fromeach | nqi vi dual predecessor
vari abl é5ar oy & used,as npHHar gossr é@’l%@fpc%én?fP%a%ﬂbF IsHGneveky i but i on f or
vari able x5 510 in t . i - Of j1Qi-pt: probability
contributions fromt E@OZ’%g@ﬁ%ddggét’e@geggglé}(ﬁm%%@%gg%ﬁs@?foggg%%%s p(x5 1
X2, X4). FI Gvergll plobulslityrvelue nbsighatreontend fc tusimg paessiem(2) iundes tite assuniptionkliat h
estimators 602, 604, .606.are.caoupled.to_a conbi-ner .610 in a probabilistic
net wor k 600 X @2 1“9?136%“{ ?feera‘gh @é%r Bhven hegdfue oty %%ag?e %ach estimating a
probability of signal content based ometheir own neasurement s of one or

more attributes of a signal. In this §fbotilmedt(1+he)y
i=1

ple]x,enx,)=— p

[ Ttp(elxi)]* (1= p@s)™ + ] [0 plel =D1* p(s)™

20 Q)

where n is the number of enabled units and p(c) is a prior overall probability value. In
other words, p(c) is a probability of signal content when no other information is known.
As discussed above, the overall probability of signal content p(c | Xy, . . . , X,) may be

25  compared to a threshold to decide whether a current interval of signal contains content.
As modules are enabled or disabled, the value of n in equation (2) changes, but the
equation may be coded to easily perform the changes in run-time. Alternately, equation
(2) could be coded to always use the same number n of modules. A combiner 610 that
uses equation (2) may, in one embodiment, combine initial probability values only from

30 enabled estimators. Thus, for example, if estimator 1 602 is disabled or its data is simply
8



WO 03/028008 estimators 602, 604, 606 each estimate an initial probability
that the part of the signal ~currently being neasured represents content
and may ue® @rgsmeans avail able for obtaining initial prdacabidoenysss
estimates, including neasuring one or nore attributes of at |east part of
the signal. Although the illustrated enbodi nent 600 has three estimators,
any 5 nunberngfailelsle itH@&dhﬂﬁloﬁﬂlpkdbalnﬁt}dﬁeml) tameuselito Q. SQﬂﬁlcESﬁthﬂMCGHy I n one

mbodi t nmbi dj tl nbi h babi |
Val e from disahies EE FRBBGR Y SaHoorcy By Y Poph Gl eyt et Rofter

enbodi ment s is HagntRPAItRE the GicBalTRY vahdTIODS rdpfistitidl neifadprabadility yearedls@s onl y
after each initial Erobabl lity value is weighted obability

factor. A prhcsongiy %Pﬁqnte?t"f’ﬁelt igreavation (- f)F?tWPHﬁ rm.‘/tqoattonarlféﬁé Sty val ue

from 10 gne cﬁﬁra&@ﬁs‘ﬁc?%d ﬁ@tﬁd&[a@ sys%rm aktER(a@ Sighdl b'}‘uﬁlﬁg @ﬂl Gé’t@'ﬁ%h‘ﬂ enabled
probability value fromthe noi ner 6p 10. An overall %abl val ue

obt ai ned by estifaatagdvy W@lwlbfﬂwl davnpilgrehy igngring egmgﬁt@s that %qqt #ed or
run-time estghl t I he
i gnal et neRB A ERER) RIS BE MY HIhE Al PR Bind UElol Festimdond Tiatiin o
probabi | i ty allatveér e&yaddition benewsestimaiors, wighout fbering et underlyies/proeabilistiocess,

and/ or prob r at ed I n
FIG 6 coul aeanrEblF BT pShuRARaTBPALh Kiftor e BREAER LI RE T 7!
usi ng edwat |scgnaK®ﬁteur1¢heferMyaersmﬂpd bpsattﬁﬂmtppexamé lowadbplmdslemtheof each ot her
gi ven the vaIu of -va nmber enabled units and
p(c) is a prf (fm %f‘baﬁt?c%%b) (Tftl?eyl \%ﬂlﬁaéor Flréﬁls IS%IH%'{P gﬁ?ﬁrﬁgpprﬁa(c yWis a
gr obabi | Id ty g@ﬁclﬁwma{/er@ﬁmp}lﬁmbmmdgmeqwl totaleweribotual anatis cﬁﬁlallts ol«snﬂmm As

i scussed above over a robability of signal.content X, 1

O iy cumyet & Gisarand sheree A et aoun 8 Rk S B Bl R,
[ Rtervial of f(ﬁt}gﬂﬂ{e e@mgtangsg(()lﬁ BieBdnabledds nodul es are enabl ed or disabl ed,
the value of n in equation (2) changes, but the uat | y be coded to
easily pérformthe chikgdshpys ?ﬂ?ﬁ%@ﬁ@ewftwmsltcemgme qu&ft PresE®) coul d be
coded to al W@éﬁtlﬁﬁaﬁ&%bﬁﬁ%lﬂwm%lﬂw@falu@ﬂw 8fl z fork QEFAGS inldclrieat  uses

equation (2) ma}/ i n one enbodi nent, conbine initial probabili tP/ val ues
only from overall probability value p(c|x, y, z) based in part upon at least one prior probability

value, in accordance with equation (2). A prior overall probability value “P” may be used

for the prior probability value. In this embodiment, a first inverter 702 obtains initial

20  inverse probability values (1 - x), (1 - y), and (1- z) from the' initial probability values x, y,
and z directed to the combiner 700 from estimators. A second inverter 704 obtains an
inverse (1 ~ P) of the prior overall probability value P. A first module 706 obtains a first
quantity Q; comprising the product of initial probability values. A second module 708
obtains a second quantity Q, comprising the prior inverse probability value raised to an

25  exponent equaling a number of initial probability values. In this embodiment, the number
of estimators minus one (n— 1) is used for the exponent. A third module 710 obtains a
third quantity Qs comprising the product of initial inverse probability values. A fourth
module 712 obtains a fourth quantity Q4 comprising the prior probability value raised to an
exponent equaling a number of initial probability values. In this embodiment, the number

30  of estimators minus one (n — 1) is used for the exponent. A fifth module 714 multiplies
the first quantity Q; by the second quantity Q- to obtain a fifth quantity Qs. An sixth
module 716 multiplies the third quantity Qs by the fourth quantity Q4 to obtain a sixth

quantity Q. A seventh module 718 obtains the overall probability value p(c| X1, - . . , Xn)
9



30 enabl ed estimators. Thus, for exanple, if estimator 1 602 is disabled or
its data is sinply 8 WO 03/028008 PCT/ US02/ 28358 unavai | abl e, the

condi ti onaO (Brookmaki ity p(c | xi) can be set to 0.5, whiclrcawsoeasgisgal |y

di sabl es the contribution of estimator x|l to the overall decision regarding
whet her content is present in part of the signal. A value of 0.5,
representi n@y dekdih@ihe girbptty Qyby hasaebsthe fifth qudrtitycQnditixiitb nuanfityan

esti mat or Q}equation (2). The network. may conformitself to the 5
characteristiécs of a particular systemor a particular signal by using only
data from enabl ed eshit ﬁ"t}(escblnbbl‘érmmgbéﬁﬂ|d¢soﬁ%6d1h&&h@oﬂ&h6dtﬂdsh&ieby
ignoring estimators that do not have data available) and/oragx actively
enabl i ng andaditals I picHELiQ PRGNS EHGHEE FOTPOREYFateRISITTS( E‘Pceséqu SHEV¥Br easy

addi tionsof snSWHERE,IJFBAPESbitbR Bldteofbduld bd\aibitheed e 6hd, Yavaghl, RF Qipabit i sti c
networ k 600. Moreover, the contribution of each esti mator to the overall

probabi | i t y nefdules. si gnal content can be easily controlled by setting upper
and | ower bounds on tf‘ﬁ} S%RM (;ﬂe%%l)dlﬂ{egtb(ﬁ{?ﬁé ﬂr&%nﬂﬁ‘&é‘nﬁm) aqu]ﬁ Q}?paﬁtlh‘s

estimator. This is a nore enera aE roac i'n whi ch whenever ‘an u per
bound is equap thapusgs a@w@ablbtmmdt\wld mngeaﬁmlblrteofm that implgmeats piyRHPB(2)i S

di sabl ed, a%)ﬁ“@l%gflgrelj’e%eqv%s ﬂ%ﬁ?frg%?ﬂﬁ?é%%ﬁxaﬁ)? a%%ngr%%g%l ullng@'éop%%g) I's set

to O, t hen THE RS y enabl e hows one
enbodi mei6t Gciosamguome(Z)cSO&tnndechom@ceﬂér mfwenptroesmm(l) 80% vAamenengy-tadsed umbrrbi nes

over i1 br of b4 Yy i abapi B vctes) oy SR B o ¥shim B AR
pri gr bplr obahétel &naracteallsmmﬂm@mmomglmm zedotdiossily ahit (F) 80@ nay Aoppiter over al |
probability v "P' may be e for the r|or pr ohabi alue, In this
P bodimont . BOUPiEt of vea ety Rl Fites AL TR SyroBp Ry B CL TS 11 1y
values (1 - siohal. (Aln ech¥ bancaitd u(famazl}m tnﬁle Mxelflamltablalm@r@mmelaﬁryba%aiwes X,
y, and z directed to the _conbjner rom esti mator%Ir second, i nverter

704 obt didns ofmoice arpitk g(c(lD baS‘Fd)OfUPfOFfH%UO&rfF%‘? anygrBe gancellsy BRhBRY Peyerendue P A

first nodul Q/o?czggcm&ahélﬁ-eﬁd \tdléesa'étmﬂué‘lm/értc%n A BIdiseHiMthatchRtviReRduct  of
initial probability“values. A second nodul e 8 obtains a second quantity

Q@ conpri si rrgmcﬂqaéequamlngnémg@-eadd%bmtivttyl%m}% raised to an 25 exponent
equal ing a nunber of irpi édn‘?tlme?%%Mﬂlh&%lﬁﬁﬂ‘%ﬁbﬂﬂ)ﬂ&lﬁék 5(ceERO@ BNng t he

nunber of estimators mnus one (n - 1) 1s used for the exponent.” Athird
modul e 710 qif¢ Hi o an overrilkokpbiity valye (8| E.ofpy ussigreguation (Pr eientityp(Cil i t i al

| nver se R Obf,‘lfj ils itl;e%v\ér%hlégéditié%af &%atbﬂity of signal content “c” in light of initial
probability values from units E 804, Z 806, and I 808. Although in other embodiments the
combiner 802 can use a prior probability value in equation (2), the VAD combiner 802
illustrated in this embodiment assumes neutral prior probability, setting a prior probability
value for use in general equation (2) to a value of 0.5 (50%). Neutral probabilities cancel

25  out in general equation (2) resulting in simplified general equation (3):

[ Ttetel =)

ple|xppenX,)=— - )
[ Ip(elxi]+ 11— ple]xi)]

€)
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nodul e 712 obtains a fourth quantity 4 conprising the prior probability
val ue raised to an exponent equaling a nunber of initial probability

val ues. |wadsiesmebodi nent, the nunber 30 of estinators mpuaEUORERSSH - 1)
is used for the exponent. A fifth nodule 714 nultiplies the first quantity
QL by the second quantity @ to obtain a fifth quantity . An sixth

nmodul e 716 mnul ti pl i esWhee iditiul pebbepikitytviahnys ffn Ity itlistrated estinatap Bra0# tZ/8084 t o
obtain a sixth quantity Q6. A seventh nodule 718 obtains the overall

pr obabi | i tyaé}gl ue p(c I xi, ... , x") 9 WO 03/028008 PCT/ US02/ 28358 by

di vi di ng t hg gh8 hichn@tedintd squédonly), tieevedmpebatitie vhiubtgic ORIE)T), ts)eivdn band t he
sixth quantity Q6 Al though the conbi ner 700 has been described in terns of
"nodul es” to facilitate description, one or nore circuits, conponents,
registers, pr ocessors software 5 SUP(CQIH.)I*I}Q@ ZYo1 p@ny) conbi nati on t her eof
coul d be “subBil fuf d‘fp( ik (cslez’)e‘rzﬁbil)qrr(la'ﬂx p,;))aﬂe_ p(rgqgl)l)la% Gy 8 shows
one enbodi nent of the presentp I nventi on paratus 800 tphat uses a
probabi | i sti(4) network having a conbi ner 802 that | rrpl enents equation (2).
The conbi ner receives input fromthree estimtors: an energy-based unit (E)
804, a zero 10 crossing unit (Z) 806, and echo canceller information unit
(1) 808. An ener gy- babetle illustrated dr)bo8Ddentrafithe ¥ AP Hpparatup BUDh abb invetter 800 voi ce

activity valu esti mat evel .character iics E of
an i npu%/ si gaﬁgﬁ%%nkoéf‘% 8&15' 8& MicRiTiins g(p%%a%‘gé' rsrg at&%%ﬂtegl%atorf)h%@ébil ity of
voi ceI aca(\) Vvigog, ada sbs. |Z*irhd‘1hw}eamoe&ﬁalmmhﬁdl meerr@—;@dstmsﬁmn@m@at(e IZ(cq)E))I(ﬂe i nput
signal. An echo canceller informtion

co?rput e a pr'd’Z%llergp’laP (r (g D)o he IWOIlb?b E‘?’é’a 1e§ 3nd@3§38ﬁ%8ﬁllﬁlﬂf‘B'Fﬁﬁtl on
from an echgremBog) ba%estt&@ihlra%bdummawwﬁds anViitiaEpraebility Y3lue @RI - end voi ce
activity, and/or convergence to discrimnate between  residual echo and
genui ne” nearehlilifpthaat g«@@hp@mo?thiemga%l\raqrgsentvﬁ@lt%mww imyssse PEPBPIES

initial pfo%me id thy %@Lﬂﬂﬁﬁl tlﬁ’eftﬁo arEdf thP§iSnall re%}eserﬁs”éi)nteﬂﬁOEalzllr)mﬁthxrR/e%@ overal |
probability val ue pF usi ng equatlon (2). The entity p(c I E

20 7, 1)15s nrw@bmwmd m@sobﬁcnbﬁalmdéw spbitsistiits ¢acl initisd probaility velopitstated as@” j n
i ght of I m\}a lbeweggﬁlg 1$té%¥soléjr{?%eiﬁclt1§ ﬂﬂd&ltgéléllf:egw Z 806, and 1808.

Al though in o |ner an use a prior probability
val ue in equation (2) The fist Madile didtxibeedns agygt product IT; by multiplying together each

initial probability value: I1; =p(c|E) * p(c | Z) * p(c | I). The second module 814 obtains

a second product I, by multiplying together each initial inverse probability value:

20 IL=Q1-p(c|E)*({-plc|Z)* (1-p(c]I)). A third module 816 obtains an overall
probability value by dividing the first product IT; by the sum of the first product IT; and the
second product I',: p(c | E, Z, I) =T,/ (I1; + ILy).

In an example voice activity detection performed by the illustrated
embodiment, the energy-based unit (E) 804 passes an initial probability value p(c | E) of

25 0.6 to the combiner 802, the zero-crossing unit (Z) 806 passes an initial probability value
p(c| Z) of 0.7 to the combiner 802, and the echo canceller information unit (I) 808 passes
an initial probability value p(c | I) of 0.4 to the combiner 802. The inverter 810 of the
combiner 802 obtains initial inverse probability values corresponding to each initial
probability value. For the energy-based unit 804, the initial inverse probability value (1 —

30 p(c|E)) =0.4. For the zero-crossing unit 806, the initial inverse probability value (1 —p(c
| Z)) =0.3. And for the echo canceller information unit 808, the initial inverse probability

value (1 —p(c | 1)) =0.6. The first module 812 multiplies each initial probability value

11



illustrated in this enbodi nent assunes neutral prior probability, setting a
prior probability value for use in general equation (2) to a value of 0.5
(50% . Newtar@lozgmebabilities cancel 25 out in general equatdTowsog2$358
resulting in sinplified general equation (3): n fJ[p(c | xi)] p(C I
x1L,...,xn) =nn[p(Cl xi)]+I[1- p(C1l xi)] i=11i=1 (3) 10 WO 03/028008
PCT/ US02/ 283b&:thahémotitain thedirstpraloatillii=t plc V) ‘Ues | ) dpictl Be= 0.6 *Wst T et ed

ti mat 4.7 806 08.are inserted int ti 3 th
overal | pr ottati 110 GantmRai b1 PRRBLS QSRR R RpGRIED Al Gl 0,
0V BLS! ok YL e polon ) ps PR LD IR s o

*(1-p(c | fatea ennodlne e appar at us ,
) Svert o a0z The filf sroaB 31 B LR TRl 1lie RRES AR | ¢ o
e;ti nat ess f{lme}im@uiomwé &tﬁgﬁgﬂt}m {ﬁgﬂaﬁ)b?ﬂﬁidi@g?ﬁe ﬁ&@&oldidgll bﬁﬂﬁirsﬁlﬁrof(ﬁféol 2
(0] al Nns 1 ni a I hverse ropani i | val ues - C - C ,
and (1- p(c flirﬁt)wo Ul a(nﬂghq %?F?qdaam%r:%am@ !iﬁg,% Daﬁplﬁe/éﬂaﬁ zk)aiﬁéé%/fﬁkﬁ& nitial
i nverse probabild §.y. YRk ¥eSall froBabifty vEuERAY beuRddhn uMﬁfe@%ﬁﬁ defict i al
probability value is the probabili giéthat at | east Bart of the signal

represents cOifteAvoica#etiviy sipagsentnipelndiag perapraie theroyeral) prabability vahe to a
probability ¢f art of the signal represents content. Each initial
i nverse 15 prog{é)[l)ﬂpﬁ ty value may be obtained by subtracting each initial
probabi 11k y val ue, st Anegtinizendldumiyihe ibdededdmthe kembinerci§a os the naweprii to

117 by m ¢ BT s RS otbrookhSicslof horlBit i & OB I8 fbpr el P21 E)
* p(c | Z) *prpdessed.1An optimizeei@rislanptidnd $atSiproybs the detectimn ©€ caonmbt praodgmet. n2 by
R e N
overal | estimators in order to optimize detection of content. The optimizer 812 could function, for
15 example, by discarding aberrant initial probability values that deviate too far from the
average of all the initial probability values. In other variations, an optimizer 812 could
perform its own measurements of one or more attributes of the same signal being
processed by estimators and optimize based on a comparison of inputs. In yet other
variations, an optimizer 812 could be linked to an entity making use of the overall
20  probability value and optimize content detection on the basis of final results. For example,
the optimizer 812 could seek “clean” VAD results free of voice clipping and other errors
by performing trial-and-error enabling and disabling of estimators. Depending on the run-
time availability of the three illustrated voice activity estimators 804, 806, 808, the
computational resources, and the framework within which VAD is used, some or all of the
25  estimators may be enabled or limited by the optimizer 8§18. Since the estimators are
combined into a network that can be adjusted and optimized in run-time to enable or
disable voice activity estimators without restructuring the network, additional estimators
may also be added by the optimizer and configured in run-time. The probabilistic network
of the present invention makes the illustrated VAD apparatus 800 more tolerant of noise in
30 the initial probability value estimates produces by the voice activity estimators.

Although the combiner 802 has been described in terms of “modules” to

facilitate description, one or more circuits, components, registers, processors, software

12



probability value by dividing the first product 111 by the sumof the first
product 111 and the second product 112: p(c | E Z, 1) =111/ (111 + 112).
I n an exawpl @/0egiose activity detection performed by the ilHaIswsSIaLeds

enbodi ment, the energy-based unit (E) 804 passes an initial probability
value p(c I E) of 25 0.6 to the conbiner 802, the zero-crossing unit (2)
806 passes aibrowlinks, at apr @hiiation thereaf coaldiecubstifitedofor Gney sdveral, healtalithd ner

802, and the echo cancel l er information unit (I') 808 passes an initial

pr obabi | i tyMPAHEE p(c 11) of 0.4 to the conbiner 802. The inverter 810 of
the conbiner 802 obt@is shwstd@ktmaw&r@xﬁaoﬁﬁmabﬁthé wseﬂainuesloﬁornﬁtMpondi ng

to each initial robability val ue. e e sed nit 804, the
initial i nv@@éblb{) oBAISE FepEsyeniag the rral bag %e‘&traﬁ%ﬂﬂ dsignal Epreseiyis

Z€r 0- Cr 0gSi e&taﬁlak e@%atea b@z lafld ﬁl’e%{mdl RUBLEBtyRaRRaRE Cohinvdddug { 1 - p(c |
Z)) = 0.3. And f the echo canceller information unit 808, the |n|t|al

i nverse pr Opmbplplhrgtgp nefrgrly énte an ovepllprabppilit-vaiuegepresrating 3nqvera prphabidiy

mul tiplies v, / 28358

Loget her £ o TR ARAl prEor i GRRDIcpId e i PSR f’%g%éf e 2
0.6 * 0. 7contentanay beQore6er vomeacgwomhmmp@l aqaae mem@l, pnslfareeidh i niti al

i nverse probabl t t: 112 = (1
- p(c ! E)) Ag d%&ls%%%h? Q&Hﬁﬁna& gl(so Bs%&@ﬂupes %gﬂlﬁg 51%1 a@S/%ﬁIHIC 0 072.
'ghle L h: rlﬁ rrg@uiﬁ%x&ld@taphgrmﬂ atitare, ovsgml thapcishistis IEstuyxam»rmI lnﬂélakm?haéélé}ntl ng the

i kel i hood of voice actiyvit b d t
111 by the SaNFYPaY ﬁee(’b $ipgdshy %‘?%'ﬂfﬂ@taﬁfl?'ings ?a#&het %%n s%rcb 98&% dtns i %lpr o(c
E, g bl I) t: lak h?uﬂg ilﬂ-ésﬂ;matoiﬂl&)lc&e— AOplihﬁlﬁty/of@ﬁnﬂzﬁ&s nray bOU) t@p@fo’t‘m theni s over aI I
probability val ue na used in_ unli t o detegt t her voice
activity is eﬁ%‘%@’é‘ﬁtan Qéh%@u@g%%yrgﬁd’n%‘%@g@&sﬁw aﬁr“ﬁ%‘&lﬂil fntci}l value to a
threshol d VQHB@dIm%Qt mycimhalrﬂ@ﬁbn@kﬁlmmmnm@d dsel@eiorshrd baniGedinioen 802 or
the network t conform the network to ¢ aracterl stics of a lParél cul 2r

system dé a Oﬁ@nﬁ]ﬂ probriftysialiga OrHwizing defredandsiegal cRpteiy oMb

anything t h%tftﬂeqﬂﬁﬁﬁ)lvﬁéba%ﬁﬁy gﬁﬁe‘g%ff bPEhaBfinRlo? Blsalllihg dstih B8 nay bé\ﬂmcﬁlﬁéd m zer
812 may filter probability values fromestinmators or enabl e and/or disable
estimators !Umth@rn@éh()dt%60ptl m ze detection of content. The optinmizer 812
could function, for 1?[(??9'319 W a S nq'n%lﬁfd%wdlﬁi%ﬁféﬁﬁgprbééhtt1h@e|nt19ﬁ ehabi ity
val ues that deviate too romt% average of all the initial

probabi | i ty ayadhabiistid metworenctivalr iThe prohsbiligia nemquﬁmzjeuse&rztut@ful d

20  probabilities. Initial probability values are obtained 1002, each value representing a

probability that at least part of the signal represents content. Inverse probability values are
obtained from each corresponding initial probability value 1004. Each initial inverse
probability value is the probability that no part of the signal represents content. A first
product IT; is obtained by multiplying all initial probability values together 1006. A

25  second product IT, is obtained by multiplying the initial inverse probability values together
1008. An overall probability value is obtained by dividing the first product I1; by the sum
of the first product IT; and the second product IT, 1010. Optimizing detection of content by
using only some of the initial probability values or by enabling and/or disabling estimators
may be included in the method 1012.

30 FIG. 11 shows a third method embodiment of the present invention using a
probability network method that includes at least one prior probability. A quantity “n”

initial probability values is obtained 1102 and initial inverse probability values are also

obtained 1104. Each probability value is the probability that at least part of the signal
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performits own neasurenents of one or nore attributes of the sane signal
being processed by estimators and optim ze based on a conpari son of

i nputs. |woyesto2gioker variations, an optim zer 812 coul d T/ USkEEBS80 an
entity making use of the overall 20 probability value and optim ze content
detection on the basis of final results. For exanple, the optimzer 812
coul d seek Tépr@aiits coMfddt,r@8 YhdhSnieFRrababilini \@t‘ue&binpﬁielgleqmﬁbabﬂibethatefor ors by

performng trial - and error enabl i ng,and di Lin stl Dependi n
P e s PR AL SETFET COTe A s bR TP RS ALy y
estimtors $Qdyse30fhe philo rosdbﬁnyoawltsatsb ob@ined BSAWLRET,11081dTHeNBitiIr amewor k

within which VAD i s use or all of the .25 estinmators may be enabl ed

or linited @ipbﬁﬁétyo‘ﬁ%‘leﬁﬁ‘?é?ul@@@d togetheto R st aepity 1410 The GBS IHEESS nto a
net wor k that, rdB@E‘ihB/eva‘ﬁfy19%5‘38&%@@%&%0@%1&1@ahh'tﬂbér'o@“ﬁnﬁa‘l’ﬁﬁiﬂﬁlhh@ or

di sabl e voi ce activity estimators w thout restructuring the network
addi ti onal eslupsyachras therppynban efgnitiel paehabilitbyaluena mipss i@ erl) ideldant i gured i n

run-time. TQ%RBHQQ Ryl {15 Zgéaﬁﬁt%{n%ers &Bbébhﬁy?él&é%%mhﬁﬁﬁéﬁtb%;ﬁxl Bigive | he

illustrated aratus nor e er ant noise In 30 t i al
probability a\lblkdl@iae‘etb'l Irrid . Bheprivd probabilily velbe isveiseieio at exponent ce@pmmeor s

Al though the C%Qp ot rl‘lilel{lal%o(%)ap?ig/ \Qiﬁl%g sgc%sa ﬁé)xﬁgnﬂepoiilﬁﬁlggpr?éabﬂﬂsp%e%%

facilitate descri , registers,
processdfs, nsiofs M/a(ne 2o yiﬁld&:«fbﬂﬂﬂ@ﬁﬂtlt?mwglﬁlfﬁﬂaﬁ&m;smdrthmsepms or any
conbi nati on t hereof co uld

ubstit ut for.o I Il of the
nodul es. FI @*% ’t%?f&}%u hfefl?osg?ﬁxﬁretpl%v&a 00{51?]?‘}5?’1? fsq?'ﬁgh%aggg% %I nventi on.
I]pi tial plrelbabitlbs hrg miﬂﬂéplﬁﬁtd’geﬁhéﬁsg%lamg(tﬁ dllﬂngﬂydba(blAlctuyent bedralat | east part
of a signal represents content are est ted.902 i l
probabi I i t y Prebehiliy value is gbipinehly djuiding the fllfgfl v e Semﬁégh&fPfﬁ‘ ‘l“ﬁ‘?‘&yan
overal | probaditelsixth Y@t lrIQIJr@ﬁtﬂﬂ&in@%e&l&te@ﬁ@f@sign@o@ﬁt@bﬂHyllishﬁg ohfyat at
| east part of the signal represents content sonme enbodi nents, the

si gnal  lontsame ofg il prrhakiliyrvalyss %I'ebye?@ﬁl?l"ﬁigta?d/ Ol‘s‘il‘é*’il?h&%e%lﬁ@@&grfn%@ar end

speech, and 1$&Hde8’}gthe%{é%ﬁhlz4°‘5 di scussed, the content may al so be
pi ctures, facsimles, and any other 10 si gnlfl cant data, signal attribute,

or signal charact eri sFiG. 12 Beivwsratpprgatinanipsising e siasbine-reagablemedivs 1883 be
obtai ned by e %?o%deg' thsBldifoh PR SwiRkn LiSe SinddRe 9 EstNat@RiaPhBGbiFans, such

values that at least part of a signal represents content, and to combine each initial

20  probability value into an overall probability value. The apparatus may further comprising
instructions for estimating initial probability values based on measuring attributes of the
signal, for example, by using one or more estimators. The instructions may enable and
disable estimators or other probability estimating means in order to conform the apparatus
to particular systems or signal characteristics. In some embodiments the instructions

25  include using a probabilistic network to obtain an overall probability value. The
probabilistic network may use a ratio of probabilities that may include at least one prior
probability value. The instructions may also include instruction for obtaining for each
initial probability value a corresponding initial inverse probability value, instructions for
obtaining a first product by multiplying all initial probability values together, and

30 instructions for obtaining a second product by multiplying the initial inverse probability
values together, and obtaining an overall probability value by dividing the first product by

the sum of the first product and the second product. The apparatus may further comprise

14



as using an estimator device. A plurality of estimators nmay be used to
performthe estimting and sone of the plurality may be enabl ed while sone
ar e di sabWwedh3/okgnoene enbodi nent, only initial probability ncaluses/283sem
enabl ed estinmators are conbined into an 15 overall probability val ue.
Optim zing detection of signal content by conbining only some of the
initial probabidtiohyfor ahdbiisg aid/drylisebliiglesthgatandt othedirstabllityestiestingmbonss may
be included, in the method 906, %Ci 10 shows a second net hod enbodi nent of
the present !9 ORBHES iPctier ?ﬁlgnﬁl BPEBabi 1 stic network method. The

probabi i stic networ kKTH¥BYethSE art desdribed BfthelOmpdt Babiokms bk additisrstandl
probability values are obtained 1002, each gglue repres

pr obabi | i t y delpans spuld g gradewithous fepapine droghth W%ﬁ?@géﬂiglgﬁﬁP&H?ﬁt?nverse

probabi I kty, ¥1§$ﬂé@1§v1ﬁ% Grdlrféli%t ﬁdﬂ[‘%qu 500D fGAKd SfRETRaIdN ahdhdab@lions
probabil ity val ue initial inverse probability value is the

pr obabi | i ty ctthbamads- Eéﬁ pa@f:ulmelbgﬂlgwats aedpyt poEided todlipit gﬁtm"eﬂ”‘?“i Butto  product
H is obtai ped.hyimih g&llp gfegen't RivEdih 1%&'553{9:' detdrMiné@by' @R s%&%’ct her 1006.
A 25 second pro uct 11 by multiplying the initial inverse
probab|I|tyevamMesﬂDUg%hﬁeveh&@ﬂSbYNW<$VQﬁhﬂDWprobab|I|ty val ue is obtained
by dividing the first product nl by the sum of the first product IIl and

t he second product 1121010. Optim zing detection of content by wusing only
sone of 1bhe initial probability values or by enabling and/or disabling
estimators may be included in the nmethod 1012. 30 FIG 11 shows a third
met hod enbodi ment of the present invention using a probability network

nmet hod that includes at |east one prior probability. A quantity "n" of
initial probability values is obtained 1102 and initial inverse probability
val ues are also obtained 1104. Each probability value is the probability
that at |east part of the signal 13 WO 03/028008 PCT/ US02/ 28358 represents
content, and each inverse probability value conprises the probability that
no part of the signal represents content. A prior probability value is
obt ai ned 1106 and an inverse of the prior probability value is also
obt ai ned or cal culated 1108. The initial probability values are

mul tiplied- together to obtain a first quantity 1110. The prior inverse 5
probability value is raised to an exponent conprising a nunber of initial
probability values, such as the nunber of initial probability values n
mnus 1. (n - 1) toyield a
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second quantity 1112. The initial inverse probability values are nmultiplied
together to give a third quantity 1114. The prior probability value is

rai sed towanos@zgosent conprising a nunber of initial proleadavsorpsisal ues,
such as the nunber of initial probability values n 10 minus 1: (n - 1) to
yield a fourth quantity 1116. The first quantity and the second quantity
are nmultiplied toget hwHATOISGCVAIMED I$:t h quantity 1118. The third and fourth
gquantities are nmultiplied together to give a sixth quantity 1120. A current
overal | probabi}ity alﬂf is obtained by dividing the fifth quantity by
the sum of the fifth QUEMOASPRF Bhe sixth quantity 1122. Optimi zing the
detection of si gébﬁhaaﬁ@ggpﬁaabﬂ vhlSEdat@nleyst pdd oSDsignabfepicbents dvinteh land

probabi l ity val ues qr. by enah L%%/andﬁor di sab ing?estiggtors may be

i ncl udeddin the FRRAHBIAE Fachprobepitly veuedRig AR oXse LB 4aliGpri sing a
machi ne-readabl e medi um 1202 that provides instructions 1204, which cause

a machine to estimate initial probability values that at |east part of a
si gnal represent3 conthafnethethef olaimdeyhsraia thesgonteptis ¥oiss acdiyity sedisidiffant y val ue

into an pveB%#AupoB%?ﬁﬁgloifBYon_g,as:pw‘%h nERReRIRB R ALty B fhdntiRBlce GAIVRYI ST Ng
instructions o 1

estinmdating 1nitial probability values based on neasuring
attributes of the signal, for exanple, by using one or nore estinmators.

The i nstpucti ons;may SAARLEANL il 115 RkiEin 33 JARAOK Sai? for ShARbmPLARAP! | 1 LY

estimating nmeans™in order orm apparatus to particular systens
or signal characteristics. In sone enbodinments the instructions 25 include

using a probabilistic_nhetwor .ohtai n an overall. pr.obabj l.i.t ue. The
probabilistic ne morkT%yygﬁ%ﬁvéﬁ?Qﬁfﬁmﬁﬁ*ﬁFgggggF$P¥@ggpﬁé¥”w%y%$%%|ude at
| east one prigd onpicabiaiislat keyst vad atibuibhoé therphaluct i ons may al so i ncl ude
instruction for obtaining for each initial probability value a
corresponding initial inverse probability value, instructions for

obtaining a firss, prokchetiyd GRldihAl firther @hlprikiap bitindating plobdbility vyluwal ues
together, and 30 instructions for obtaining a second product by nultiplying
the initial UpRgatlest preoisiBPiorty val ues together, and obtaining an overal
probability value by dividing the first product by the sumof the first

product and the second product. The apparatus may further conprise 14 WO
03/ 028008 PCT/ US62/ 28BEgmethod of claim 5, further comprising measuring at least one attribute

of the signal using multiple estimators wherein some estimators are enabled and other

20  estimators are disabled.

7. The method of claim 6, wherein the combining each probability value into
an overall probability value comprises combining probability values from enabled

estimators.

25
8. The method of claim 1, wherein the combining each probability value into

an overall probability value comprises combining using a probabilistic network.

9. The method of claim 8, further comprising using a probabilistic network

30 that uses a ratio of probabilities.

10.  The method of claim 9, wherein using a probabilistic network comprises
dividing the product of probability values that at least part of the signal represents content
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instructions for enabling and/or disabling estimators or other probability
estimating neans to optim ze detection of signal content. The nethods are
descri bedwioo3tbgios nost basic forns but additions and delretTi/gses/2gs8l d be
made wi t hout departing fromthe basic scope. It will be apparent to

persons having ordinary skill in the art that many further nodifications
and adapt at bpif saanblmedtsaddidfithe paodudtai pebatslity vdiunethatsit fag paodf fheovi ded to

limt the invention but to illustrate jt..Th f t t
i nvention i SERYIEATOHE COER fd WB@"%ﬁ%Qrﬂ{éatbélﬁ%X?ﬁ?‘?ssggﬁgg’(g?ﬂ)?fqg g i/leged above
but only byrgpb@ergg bt .bel ow. WO 03/028008 WHAT IS CLAIMED IS: 1. A

nmet hod, conprising: estimating probability values that at |east part of a
signal represents content; and 5 conbining each probability value into an

overal | grobability Vﬁ{queth&}of-a}@n@eﬁjhﬁ&c@fnpﬁélﬁg m 1, wherein the content is
voice activity selected from a glrou consisting of a tone, speech,

near - end voi ce aehtpipingyor eapfiprpbgbiliy Yalyer E@Yeél?,‘tnid\?gtlversf@r@abﬂl*ﬁé’ alt hod of

claim1, wherein Sib19e 4 ﬁ)bﬁlﬁ afked @Bethé: The net hod of
claim1l, furtherOHL(’:t%;)liﬂl gﬁyﬁ%}%dgﬁlgng{llﬁgs) r E) IH;: val uege based on

measuring at | eaglntalome aaﬁqqndbmdéct@tv mﬁ@lﬁpgﬂ)ﬁlme&% pepbaliility ehienogetBet: cl ai m
1, further él%*rprl sing estimating probability values wusing at |east one
esti mat or. The nethod of claimb5, further conprising nmeasuring at |east
one attridbute obbthinegsingmerhll p@ba‘lghtmyhlnlﬂ by divisking thefiest sroduse bethe seo9é
estimators are.ena ngestl mators are disabled. 7. The nethod

of claim®é, SptdY A“tcﬁaé%qger%f:?{%ﬁé each probability value into an overall

probability vaI ue conprises conbining probability values from enabl ed
estimators. 25 . . - . s
12.  The method of claim 11, wherein each probability value is the probability
that at least part of the signal represents content, and each inverse probability value is the

15  probability that no part of the signal represents content.

13.  The method of claim 11, wherein each inverse probability value is obtained
by subtracting each probability value, stated as a value between 0 and 1 inclusive, from a
value of 1.
20
14,  The method of claim 1, the combining probability values into an overall
probability value further comprising combining based at least in part upon at least one

prior probability value.

25 15.  The method of claim 14, the combining further comprising combining

based at least in part on a prior overall probability value.

16.  The method of claim 15, further comprising obtaining an overall
probability value using a neutral prior overall probability value.

30
17.  The method of claim 14, further comprising using a probabilistic network.
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8. The nmethod of claim1, wherein the conbining each probability value into
an overall probability value conprises conbining using a probabilistic

net wor k. &0 oBlwesaoet hod of claim 8, further conprising usi rETAIPRQERERI | i Stic
network 30 that uses a ratio of probabilities. 10. The nmethod of claim9,
wherein using a probabilistic network conprises dividing the product of
probability val ugs t Hide n&dthddedstainp &4, tfurtfer tdneprisingniaing mepobebidisticaietyomk ent 16
WO 03/ 02800 q¥ t he, sgn1%a$ﬁlned by addi ng the product of probability

val ues t hat W3t UPRAEOQLPIOOBT¥9Se  signal represents content to a product of
probability values that no part of the signal represents content. 5 11.

The nmethod of claim9, further. co i Sing: obtaining.for each praobability
val ue a correspohti nJheﬁ%?%d@fﬁﬁ%nE%iWﬁ\ef‘%“ V&Tglfe‘?rgbaégfsg? ’ﬁ?twgf?{ Og’ip%efs pr oduct
by mul ti plyianshigd the Bfo@@@l%ifbﬂobé/bil\i‘tg!vbl@& wagather i priak baibabily factsesyand product
by multiplying the 1 nverse probability values together; and %8 thalnlng
an overal | BB BhiBined by adding jhe prpdest of Bpbrylity gelpss eighteddy adiriop ropiliyym of
the first pE&%‘%th@?fﬁdﬁ&%f%ﬁ/@l@@E‘ro%‘&ﬁwQf&lues]@ei%ﬁ[&ﬁb}f@%rhﬁ@r&ﬁbiﬁ{y&hd{brl1,

wherein each probability value Is the probability  that at |east part of
t he signal represents content, and each inverse probability value is the

15 probability that eﬂﬁ&&xﬁﬁCﬁﬂﬁ1§h9@@*°5£¥ﬁf§fntS content. 13. The
abi

met hod of claim1I, erein each inverse pro ity value is obtained by
subt ractiDng eachestinehisdinfitial probatiilifi: valvesat ed as a val ue between 0 and 1

i nclusive, from val ue..qgf. . thod of claim1, the conbining
probability valugngW’3”3%Igégﬁﬁﬁw%é89§%§%gfity val ue further conprising

conbi ni ng based alitaihingatprionoyeealt invgperpratabiligasiuepne prior probability
\églml;ie ﬁi ﬁg 15 Thgbtarlri?utngg%rgfqugtlﬁ%}i/ ggmlpdr'fsintg geprocd?lg‘?) oif I?r'uﬁ'ﬁ p];’o%alsingfrvaﬁl%gp rising
obtaining a second quantity comprising the prior overall inverse probability value
15  raised to an exponent; |
obtaining a third quantity comprising the product of all initial inverse probability
values;

obtaining a fourth quantity comprising the prior overall probability value raised to
an exponent;

20 multiplying the first quantity by the second quantity to obtain a fifth quantity;
multiplying the third quantity by the fourth quantity to obtain a sixth quantity; and
obtaining a current overall probability value by dividing the fifth quantity by the

sum of the fifth quantity and the sixth quantity.

25 21.  The method of claim 20, wherein each probability value is the probability
that at least part of the signal represents content, and each inverse probability value

comprises the probability no part of the signal represents content.

22.  The method of claim 20, wherein each inverse probability value is obtained
30 by subtracting a corresponding probability value, stated as a value between 0 and 1

inclusive, from a value of 1.
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based at least in part on a prior overall probability value. 16. The net hod
of claim 15, further conprising obtaining an overall probability value
usi ng a newtesakssi or overall probability value. 30 17. ThemrlobegBsef cl ai m
14, further conprising using a probabilistic network. 17 WO 03/028008 18.
The met hod of claim 14, further conprising using a probabilistic network
that uses a rati93.0f Phicahehod cfbftcilml ﬂl@ther'ﬂomprinihglqntimiting detectioh ®f cottart ei n

using a pro abiljstic rk.co i ses i vi di the duc
probabi lity &P‘E} @lwf&#ﬁp i Yueg v s 6?”8?"6‘65 ‘BPFEWP@‘Q Phatsels 5“'5 %bag{l‘ﬁ‘/m
obt ai ned by vamled dGombBmepr oduct of probability val ues melghted by a prior

probability factor to the product of inverse probability val ues wei ghted
by a prior probability factor. 20. The method of claim 18, further

conprising: 10 egti mphd AGmbdbtdldn 287 MRAGIcbnbMsiN@div@sdindfbadbilitpgaluey ti al
inverse probability values; obtaining a prior overall i1nverse probability

val ue; obt aithdt deyiate fiomst meancfell {he RehwBilinsYassa product of initial
probability values; obtaining a second quantity conprising the prior
overal | inverse probablllty value 15 raised to an exponent; obtaining a
third quantity c@ﬁprlEhmgﬁﬁhéobﬂ@mdeﬁﬂﬁ$r%mnﬂ$mgvﬁ9$e$mv%¥%@eﬁﬁ&ﬂ%blI|ty

val les: bt & DR GinAy i atqya%%e{rwfa%ggp&e%&gtstcbﬁe {dn8lenfHRE Bnd/or

probablllty v ue ralse an" expon multiplying the first quantity
by t he skconidsablirgdoideyoftie estihabrs t@oﬁtlrrilzmdedpsvam pfopntentrul ti pl ying the third
gquantity by the fourth quantity to obtain a sixth quantity; and obtaining
a current overall probability value by dividing the fifth quantity by the
sum of the fifthoguanthé mema@lof d1zﬁm535;(fu|t’thqtmmtpr1’slyg e2blidlandkh disatding@de of

cl ai m 20, wherein each rob l.Lue.is the probability
or more estimator. base n the t}%e of signal.

15 27.  The method of claim 25, further comprising enabling and/or disabling one

or more estimators based on the presence or absence of at least one signal characteristic.

28.  An apparatus, comprising:

at least one estimator to estimate initial probability values that at least part of a

20  signal represents content; and

a combiner to combine each initial probability value into an overall probability

value.

' 29.  The apparatus of claim 28, wherein the content is voice activity selected

25  from the group consisting of a tone, speech, near end speech, and far end speech.
30.  The apparatus of claim 28, wherein the content is data for compression.

31.  The apparatus of claim 28, the at least one estimator to estimate initial

30  probability values by measuring attributes of the signal.

19



that at |east part of the signal represents content, and each inverse
probability value conprises the probability no part of the signal
representwoomregns. 22. The nmet hod of claim20, wherein eaddr/isiwesse
probability value is obtained 30 by subtracting a correspondi ng
probability value, stated as a value between 0 and 1 inclusive, froma
val ue of 1. 18 W3203/ @8@91&@@1’&@5@2/2&8363 leBt on?hstinmmffodh@fcompmimg d,
further conp [ zi e ant i nin

probabi 1§ty Gt BeRhIbE B e bRl AN e OB s

probabil ity divablades to conbine. 5 24. The nethod of cI aim 23, further
conprising discarding probability values that deviate froma nean of all
the probability values. 25. The nethod of claim 1, further conprising using
estimators to estizmat Ehepp;@baahn dfictaym B2 theSonibigdr t@don te@sSdnlyPifiial ﬂ%bﬁallﬁygna'
represents cont e? glﬁgnabl ing and/or 10 disabling sonme of the
estimators t6 6P o PEEIBY of content. 26. The method of claim 25,
further conprising enabling and/or disabling one or nore estimtors based
on the type of signal, 15 27. The method of claim?25, further conprising
enabl i ng” and/ or di*sabl’ ﬁ@pl@ﬁaéus §iclaifp 28 Tadher pemprisingraebrbdistie pswpkesence or
absence of at | east one signal characteristic. 28. An apparatus,

conprisin at | east one estimator to estimate initial probability val ues
that at IEast par¥- of The apmraiisialaim dhrtbeseambines finthencompaising ancarmdmer t o
conbi ne eac | .al ue into an overall probability value.
29. The appg}lg(gudéss gi:‘eoc{gﬁpﬂféd&y\ﬁgrel n the content is voice activity

sel ected 25 frortvt)hfelngfpmﬁphmﬁpwbam@tyahluaatcmpor@n@enhal inemse end speech,
and far end The apparatus of claim 28, wherein the content is
data for con%?%g)gp%ﬁgg%l The apparatus of claim28, the at |east one
estimator to est |t¢mb1mn|arﬁrsﬂmd)ducedblrmieihgbipfddhg/t of alitiked prodybiaalies Ng

attribut £ 9 ultug]eeds togenh
to obtain a second product comprising a product of the initial inverse probability
values multiplied together; and
to obtain an overall probability value by dividing the first product by the sum of
the first product and the second product.

20
36.  The apparatus of claim 28, wherein each initial probability value is the
probability that at least part of the signal represents content, and each initial inverse
probability value is the probability that no part of the signal represents content.
25 37.  The apparatus of claim 28, wherein each initial inverse probability value is

obtained by subtracting each initial probability value, stated as a value between 0 and 1

inclusive, from a value of 1.
38.  The apparatus of claim 28, the combiner to combine each initial probability

30  value into an overall probability value for a current time interval based at least in part

upon at least one prior probability value.

20



19 WO 03/028008 PCT/ US02/ 28358 32. The apparatus of claim 28, the at |east
one estimator further conprising a plurality of estimtors wherein sone
est i mat or woa@2gmwabl ed and other estimators are di sabl ed.PCI/GR2/29138
apparatus of claim 32, the conbiner to conbine only initial probability
val ues from enabl ed estimtors. 34. The apparatus of claim 28, further
conpri sing a prokabi | Tietapparmet violdim 380wiksein Theet kepg @anaprics podbabilii val®8, t he

conbi ner further cona;i sig .one or nore nodul es, the one or nore nodul es:
to obtain fb&*BRERVS AT PP %M%&%i lity value a corresponding initial
inverse probability value; to obtain a first product conprising a product
of initial probability val ues .mul tiplied together;. t tain a second
product conpri si ‘r% a @B%ﬁ‘m%‘?tlc?aﬁ‘g%l9n‘f'%rgp aivﬁ@gf’éléeuh?lc%%ggﬁﬁ VRIS ves

mul tiplied {Qaebilé pridtdelal peddbiiity vameover al | probability val ue by dividing

the first product by the sumof the first product and the second product.
20 36. The apparatus of claim 28, wherein each initial probability value is

the probabilityat hatTitaph@aes oftMid 0f the b@nﬁh@mh&e@ﬁﬁﬁm@oﬁe@mb@nt, and
each initial inverse robability value is the probability that no part of

the signal POPRIESdBORERSt ent. 25 37. The apparatus of claim 28, wherein

each initial inverseiPs ARARE bt intiaY flvHSe hdbabkRy 2hingd by subtracting each
initial probability value, stated as a value between 0 and 1 i nclusive,

froma VAl ue of tb.obBan a mier inyspmanbakilibfvaliieai m 28, the combiner to conbine
each initial pr O{?)aol%'tﬁjiﬁ %ﬁrst Bl figl}i%thggrcﬁﬁ@cro@Hitia@?%@ﬁliﬂy'vﬁ%eé{al ue for a
at Ieagt I'h part I

current tine interva ase upon a east one prior
probabi | ity val ut.obRin #\@cod] QRr8WYZomprising the prior inverse probability value raised to

an exponent;
to obtain a third quantity comprising the product of initial inverse probability
15  values;
to obtain a fourth quantity comprising the prior probability value raised to an
exponent;
to multiply the first quantity by the second quantity to obtain a fifth quantity;
to multiply the third quantity by the fourth quantity to obtain a sixth quantity; and
20 to obtain an overall probability value by dividing the fifth quantity by the sum of
the fifth quantity and the sixth quantity.

42.  The apparatus of claim 41, wherein each probability value is the probability
that at least part of the signal represents content, and each inverse probability value

25  comprises the probability that no part of the signal represents content.

43, The apparatus of claim 41, wherein each inverse probability value is
obtained by subtracting each probability value, stated as a value between 0 and 1

inclusive, from a value of 1.
30

44,  The apparatus of claim 28, further comprising an optimizer to optimize

detection of content.
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PCT/ US02/ 28358 39. The apparatus of claim 38, wherein the at |east one
prior probability value is a prior overall probability value. 40. The
appar at uswaxo3oksiosn 39, wherein a val ue of neutral probabi |[RdyUssakssssis 5
used for the prior overall probability value. 41. The apparatus of claim
39, the conbiner further conprising one or nore nodules, the nodules: to
obtain a nunber of5. |n|Tthﬁ>appalrarweetrfsblrpﬂé}bmntMIgerWtadah@sg:onteh@by congiitiag n a

prior inver S o%b(ﬂF?thlu %l plﬂ(?uab iBid Ipert\%rlg tlﬁat Edn s%fectthea Oéthtg%P SI ng the

product of tla pro ity val ues; tarn a sec

conpri sing thenlpmq or | nver se probabili ty vaI ue raised to an exponent; to
obtain a third quantity conprising the product of initial inverse
probability 15 values; to obtain a fourth quantity conprising the prior
probabi liiy val uetér ai Séd apmraums ofelkjioA&nhe oftinizankd dipdayd grbieability sdluguignt i ty by

t he second ¢ t o obt ntity; to multiply the third
quantity by ? e%%ptaﬁne&{}gﬁelr%p{o alBE?g’laﬁ‘ ®% sixth quantity; and 20 to
obtain an overall probabi lity value by dividing the fifth quantity by the

sum of theflfth -qua ndthe Si xt antity. 42. The apparatus of
clai m 41, whereirf’eac 5 QEE{ping Aff . jae ¢ Ciglnil?Fét%‘?I’GblSBP‘i/Prt‘i}sa @ﬁﬁ?‘eﬁf | east

part of the ﬁlbgﬁmat(grewmﬁﬁgesjegé@mrpd}tcomgﬁd each inverse probability val ue
25 conprises the probability that no part of the signal represents content.

43. The b‘bparat us of claim4l, wherein each inverse probability value is

obt ai ned by subt rgct i ﬁsneeﬁﬁ‘athter&%m tw e g{ﬁhﬂfwt&éﬁ&eqn% cﬁ?a‘ﬁl%lolﬂgopa ween 0

and 1 inclusive, froma val ue of . The apparatus of clalm 28,
further conpmprﬂeﬁgnemrs(bpsed@nz@rtynecpf@mmlm ze detection of content. 21

49.  The apparatus of claim 47, the optimizer to enable and/or disable one or

15 more estimators based on the presence or absence of at least one signal characteristic.

50.  An apparatus, comprising:
a machine-readable medium that provides instructions that cause a machine to
estimate initial probability values that at least part of a signal represents content and that

20 cause a machine to combine each initial probability value into an overall probability value.

51.  The apparatus of claim 50, wherein the content is voice activity selected

from a group consisting of a tone, speech, near end speech, and far end speech.
25 52.  The apparatus of claim 50, wherein the content is data for compression.

53.  The apparatus of claim 50, further comprising instructions for estimating

initial probability values based on measuring attributes of the signal.

30 54.  The apparatus of claim 50, further comprising instructions for estimating
initial probability values based on measuring attributes of the signal using at least one

estimator.
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WO 03/ 028008 PCT/ US02/ 28358 45. The apparatus of claim44, the optimzer to
detect content by conbining probability values using a probabilistic

net wor k t Watosmasnosel ect the probability values to conbi ne@CThUSHB/283Fke
apparatus of claim45, the optim zer to discard probability val ues that
deviate froma nean of all the probability values. 47. The apparatus of

cl ai m 44, the optidn zdhe appacatisisif elabm &, durther eempprsingangiruoions fereneasuringat or s t o
optim ze det i . r i , e

opt i m gor 1 o eieaBusle ERNRGLor ol ot 1R ARRR AR i SRR BG PP, e
type of si gratimaidss ardéicabdgaipar at us of claim 47, the optimzer to enable

and/ or disable one or 15 nore estimators based on the presence or absence
of at |east one signal characteristic. 50. An apparatus, conprising: a
machi ne- readabl e S6edi Obhe bppatatyrofviathe S5, ifingier cabproing itdattioa dseombimghi ne t o

estimate initial.probahility values t at |east part of a signal
represents CWQHF"Egrﬁsgqléﬁtgtvxmﬁgéﬁﬁg%ﬁ *HEHP e to conbine each initial
probability value into an overall probability value. 51. The apparatus of
cl aim 50, wherein_the_content is vpi activity, selected froma.group
consi Sting of & tdne, 16pERBS RSP EFieE EMPTIS PR FFBBRHIE 95 52,
The appar at usvefill gedRabiipluaMiBizel plotabiistiomestk, 1 s data for conpression. 53.
The apparatus of claimb50, further conprising instructions for estimating

initial Ptobability values based on neasuring attributes of the signal. 30

54. The apparat us;gof qhabfParfls Jrefalnd 67, E@EPESArthel iRSRIESSS FANSBinE QT
estimating initial probability val ues based on neasuring attributes of the

si gnal usi ngprebabjlistie netyak the asgspgatiy of ppgbabidigies. The apparat us of cl ai m 54,
further conprising instructions for measuring attributes using a plurality
of estimators wherein sone estimators are enabl ed and other estimators are
di sabl ed. 59. The apparatus of claim 58, further comprising instructions for using a

15  probabilistic network method comprising obtaining initial inverse probability values and
obtaining an overall probability value by dividing the product of initial probability values
by the sum obtained by adding the product of initial probability values and the product of

initial inverse probability values.

20 60.  The apparatus of claim 58, further comprising instructions for:
obtaining for each initial probability value a corresponding initial inverse
probability value;
obtaining a first product by multiplying all initial probability values together;
obtaining a second product by multiplying the initial inverse probability values
25  together; and
obtaining an overall probability value by dividing the first product by the sum of

the first product and the second product.
61.  The apparatus of claim 50, further comprising instructions for optimizing

30 detection of content by combining probability values using a probabilistic network that

selects the probability values to combine.
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5 56. The apparatus of claim55, further conprising instructions for
conbining only initial probability values fromenabled estimators. 57. The
appar at uswax o3oksiosn 50, further conprising instructions forrarsansasg an
overal |l probability value using a probabilistic network. 10 58. The
apparatus of claimb57, further conprising instructions for using a

probabi | i stic net@%or k Thhappargesofzlaim bl olugher gpwpading instivetionssor diaslingopar at us
of claim58, Lk i 8104 d i [N 15 probabilistic
et vor k ot HEQUARE OB B8 AREL bl o e bRl e, P 0 vl ves. and
obt ai ning an overall probability value by dividing the product of initial
probability val ue b al adding t.h .oduct of initial
probability val ue@' an?}-ht%%gp%ér{gg ﬁgﬁam&%’dﬁuﬁ?{ ricgl?jprilnvgelpgcrell%%?ngggrblfs &t y val ues.
20 60. The appiarnttru® esimatt arobaGBty vhlued thetrat Bastprit of ngjgnah sdpragatts comgent, or :
obtaining for each.initjal. probabili val ue correspondi ng.initial

i nverse pr o%‘}ggelngl?nfr? a{}é(lf)ﬁgl,s&%lﬂ% e ?%P{eaesﬁill?@fsa%ﬁf’gt&ﬁ]&? g?/cq‘ﬁﬂgffoﬁ?fng al |
initial probability values together; obtaining a second product by

mul tiplying the injti i nverse obabi | i val ues ., 25 t oget her; and

obt ai ni ng an overé;ll'l S[lthBHlEﬁr?thc%&\iﬁé‘P??g’ tlﬁvﬁ%iCWHrilsh‘@g infctionsder ehabligct by t he
sum of the iid&idisapapust ofmdrd IEmeea®askdRh MHGho of@lnallNe appar at us of
claimb50, further conprising instructions for optimzing 30 detection of
cont ent E)?/ conbi ning probability values using a probabilistic network that
sel ects the probadi | i tiheghdiss drR16ABE] fker mMRIASHARRAAR RCHAMRQ2/ 28358
62. The apparatus of claim61l, further conprising 1nstructions for

di scarding #Hdssaiseblingyong or meke estirmetorsdesedion therpspacncerns abseage afjet leashgne
probability é’x?ﬁa‘l’%rac@?istiahe apparatus of claimb50, further conprising
instructions Tor using 5 estimators to estimte probability val ues that at

| east part of a signal represents content, and enabling and/or disabling
some of the estimators to optimze detection of content.

66. A voice activity detector, comprising:

at least one voice activity estimator to estimate initial probability values that at
least part of a signal represents voice activity; and

a combiner to combine each initial probability value into an overall probability

20  value.

67.  The voice activity detector of claim 66, wherein the voice activity is
selected from a group of voice activity consisting of a tone, speech, near-end speech, and

far-end speech.

25
68.  The voice activity detector of claim 66, wherein at least one voice activity
detector is selected from a group consisting of an energy-based voice activity estimator, a
zZero-crossing voice activity estimator, and an echo canceller voice activity estimator.
30 69.  The voice activity detector of claim 66, the at least one voice activity

estimator to estimate initial probability values by measuring attributes of the signal.

24



64. The apparatus of claim63, further conprising instructions for enabling
and/ or disabling one or nore estimtors based on the type of signal. 10 65.
The apparatouss/oe$oo8l ai m 63, further conprising instructi on®edTowsSoensdssi ng
and/or disabling one or nore estimators based on the presence or absence of
at |l east one signal characteristic. 15 66. A voice activity detector,
conprising: at |edst ohe We@etl\amdﬁwipyo@é@amrﬁét ibe attleasteitel voie ectiivitiyt i al
probability ¥§1n’rh@§r %@@etr C@l{'l]())rlgl Tud ggtm‘?am% &P&!ﬂn sgﬁggﬁ?%rﬁo%s élrg LS led
activity; and a conbi ner I ne each initral proba into an
overal | probaid ¢thenesd@atorsliareedisabled. The voice activity detector of cI ai m 66,
wherein the voice activity is selected froma group of voice activity
consisting of a tone, speech, near-end speech, and far-end speech. 25 68.
The voi ceSactivitYyl. detﬁmt\@icecaéti\dﬂyaibmﬁﬁof oldiar7e] the admbina$é canitene/@il g e

activit de ct roup consisting of an energy-based
voi ce a%:/tl Vi in%algfc’bag‘l aﬁlgs %ngreBng%dae§g‘irlﬁtapsv0| ce activity estimator, and an
echo cancel |l er voice actl vity estimator. 30 69. The voice activity detector
of claim#66, the I st _one voi ctiVvit mator .to estjnmate initial
probability val ue Vgtffla?ﬂi’lté{tdf’tre?a}‘ ’iﬁfc?la %f66tﬁ€i’e§|06?i‘ﬁllmng2ﬁpr°l?%%s’i’ﬁe voi ce
activity det agtvork. of cI aime66, the at |east one voice activity estimtor
further (ignpri sing a plurality of estimators wherein sone estimtors are
enabl ed nd other estimtors are disabled. 5 71. The voice activity
detector of clai 30, T%%oﬁ@@&iﬂ?rdet%&o 1A% 6. OR é’omHn‘iErSﬁrﬁJerw g lity

val ues from enabl ed esti mators he voi ce activity detector cI aim
66, further ERMPIRYEAYdeepthshagdulasstic net wor k.

to obtain for each initial probability value a corresponding initial inverse

probability value;
15 to obtain a first product comprising a product of initial probability values
multiplied together;
to obtain a second product comprising a product of the initial inverse probability
values multiplied together; and
to obtain an overall probability value by dividing the first product by the sum of
20  the first product and the second product.

74.  The voice activity detector of claim 66, the combiner to combine each
initial probability value into an overall probability value for a current time interval based
at least in part upon at least one prior probability value.

25
75.  The voice activity detector of claim 74, wherein the at least one prior

probability value is a prior overall probability value.

76.  The voice activity detector of claim 75, wherein a value of neutral

30  probability value is used for the prior overall probability value.

77.  The voice activity detector of claim 75, the combiner further comprising

one or more modules, the modules:
25



10 73. The voice activity detector of claim®66, the conbiner further
conprising one or nore nodules, the nodules: to obtain for each initial

pr obabi | i W o3akg@sa corresponding initial inverse probabiddysozasise;, 15 to
obtain a first product conprising a product of initial probability values
mul tiplied together; to obtain a second product conprising a product of the
initial inverse ptp@b@mamtngl,bero%mwéhlnmsanpbabémyved@eex her; and to obtain an

overal | probabi l 'tBS()btéf’H #&mt?){n\@}s}{bf%‘b httcy%lu jrst product by the sumof 20
e d

the first product second” produ 4. The voice activity detector
of claim66, the toohbinefistguasdoomprisethe piodidt bbinitjal plobdtiility valuesal ue i nt o

an overall probabil Y tlne |nterv in
part upon at | ea?tlt0 oggrﬁ%l S%}:%hgl ‘{%‘Qﬁtggﬁ‘% : %E/t 19 RjIOT inygrsg pro ar'?‘}g%\%ﬁl%al%&t?w ty
det ect or df @i eiponens, wher ei n t he at Ieast one prior probability value is
a prior overall Tevo ceacrivity detec or of claim
75, wherein a val ug@%& antzlalu tl%’ﬁmé’Flalﬁ% &P LE al l%vetlfgé?ff’ P he pri or
overal | probedudsjty val ue. 77 The voice acti VI ty detector of claim75, the
conbi ner further coppris one, or _nmor.e nody e dul es; 25 WO

03/ 028008 PCT/ usdﬁ/og‘g%@etl ’ghi% 00 FomPHsiRG BP PB‘PY Rrﬂ‘?aﬁf’ﬂ'&( valyRigRettofiobabi | i ty
val ues; to elposdnd; a prior inverse probability value; to obtain a first
guant i ty onpris initial probability values; to obtain a

in Fg roduct of
second gténtity 682‘15’&? Y ﬁ’@ T Quasinohy i ersPaedyaridl dbpitiin g fifhentitgi sed to 5
an exponent; 10 GBhiliplpthe MifdtpahAPbY the ERAubSEH S Stifin RERAUEEN@T; il t1 al
i nverse probability values

to obtain an overall probability value by dividing the fifth quantity by the sum of

the fifth quantity and the sixth quantity.

15 78.  The voice activity detector of claim 66, further comprising an optimizer to

improve detection of voice activity.

79.  The voice activity detector of claim 78, the optimizer to detect voice
activity by combining probability values using a probabilistic network that can select the

20  probability values to combine.

80.  The voice activity detector of claim 79, the optimizer to discard probability

values that deviate from a mean of all the probability values.

25 81.  The voice activity detector of claim 78, the optimizer to enable and/or

disable some of the voice activity estimators to optimize detection of voice activity.

82.  The voice activity detector of claim 81, the optimizer to enable and/or .
disable one or more voice activity estimators based on the type of signal.
30
83.  The voice activity detector of claim 81, the optimizer to enable and/or
disable one or more voice activity estimators based on the presence or absence of at least

one signal characteristic.
26



to obtain a fourth quantity conprising the prior probability val ue raised
to an exponent; 10 to nultiply the first quantity by the second quantity
t o obt ai nwa d3iokgdosquantity; to nmultiply the third quantitydiyusoresiseurt h
guantity to obtain a sixth quantity; and to obtain an overall probability
value by dividing the fifth quantity by the sumof the fifth quantity and
the sixth quantity. 15 78. The voice activity detector of claim®66, further

conprising an opt z to. inprove, det i.on,.of voice activity., 6 79. The
voice activity de%‘ienct glﬁheovfo icgagihip Agtectpdl %‘B‘PP% ti’%f"ptf'%lz?fg? 8‘&#"‘6\%@/@&

activity by diatidé nneng nporebeibé dtivity estilaess bistringana-dproptvadhilel sptanunetves k t hat
can sel ect tQ%..Zg?gnpbability val ues to conbine. 80. The voice activity
detector of &7R{M e optim zer to discard probability values that
deviate fsoma nean of all the probability values. 25 81. The voice
activity detector of claim78, the optimzer to enable and/or disable sone
of the voice activity estimators to optim ze detection of voice activity.
82. The voice activity detector of claim81l, the optim zer to enable

and/ or, disable one or nore voice activity estimtors based on the type of
signal. 30 83. The voice activity detector of claim81l, the optimzer to
enabl e and/or disable one or nore voice activity estimators based on the
presence or absence of at |east one signal characteristic. 26 WO 03/028008
PCT/ US02/ 28358 84. The voice activity detector of claim8 1, the optim zer
to enabl e and/or disable one or nore voice activity estimtors by
trial-and-error to achieve optinmumvoice activity detection. 5 27
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